neous patient cohorts clearly show at least similar efficacy of rituximab as compared to steroid plus alkylating agents. Moreover, data confirm the dramatically superior safety profile of rituximab that actually appears to be associated with a rate of SAEs even lower than that observed with conservative therapy. Rituximab is also effective in patients resistant to other treatments and its cost-effectiveness is further increased when treatment is titrated to circulating B cells. Recently identified pathogenic antibodies against the M type phospholipase A 2 receptor will likely provide a novel tool to monitor disease activity and drive rituximab therapy, at least in a subset of patients. Newly developed anti-CD20 antibodies could represent a valuable option for those who fail rituximab therapy. Steroids, alkylating agents, and calcineurin inhibitors should likely be abandoned.
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Blood and urinary tests show normal creatinine of 1.0 mg/dl, serum albumin of 2.9 g/dl, and proteinuria of 9.3 g/day. A renal biopsy shows diffuse thickening of the glomerular capillary basement membrane with basement membrane spikes at silver stain and subepithelial granular IgG deposits at immunofluorescence. All investigations for secondary causes of membranous nephropathy (MN) are negative or normal, and he has circulating antiphospholipase A 2 receptor (PLA 2 R) antibodies.
He is started on conservative treatment including angiotensin-converting enzyme (ACE) inhibitors, a low-sodium diet, and diuretics. His symptoms improve, but during the following 3 months his proteinuria does not change and his albumin further declines to 2.5 g/dl. Despite up-titration of the ACE inhibitor therapy and addon treatment with an angiotensin II receptor blocker (ARB), his proteinuria remains above 9 g/24 h and his creatinine level is now 1.3 mg/dl. What is the best treatment strategy for this patient?
The Clinical Problem
Primary MN, the leading cause of nephrotic syndrome (NS) in Caucasian adults, is an immune-mediated disease characterized by deposits of IgG and complement components on the subepithelial layer of the glomerular capillary wall that result in thickening of the glomerular basement membrane, complement activation, and glomerular capillary injury with consequent proteinuria [1] . About 30-40% of affected patients progress to end-stage kidney disease (ESKD) 5-10 years after diagnosis, whereas about one third have spontaneous remission, normally within 1 or 2 years from disease onset, and another third will have persistent proteinuria with relatively stable renal function [2] . Treatment with steroids and other immunosuppressants including alkylating agents and calcineurin inhibitors has been suggested for patients with persistent NS [3] . However, all of the above medications are burdened by a substantial toxicity with an excess risk of serious adverse events (SAEs) like opportunistic infections, lymphoproliferative disorders, and cancer, which may manifest even decades after patient exposure, and are therefore seldom captured in the timeframe of clinical trials [4] .
Results of a comprehensive review of 1,762 patients from 36 randomized controlled trials (RCTs) failed to provide a conclusive indication to immunosuppressive therapy in this context [5] . In four RCTs, corticosteroids combined with alkylating agents significantly increased the rates of complete and partial remission, but led to more adverse events than conservative therapy alone [6] [7] [8] [9] . Cyclophosphamide was safer than chlorambucil, but resulted in more withdrawals or hospitalizations than conservative therapy [5, 10] . No treatment benefits, instead only side effects, were observed with cyclosporine [5] . Consistently, a large RCT from the UK [11] provided evidence that steroids plus chlorambucil slow renal function loss compared with supportive therapy alone in patients with MN. However, the follow-up was too short to evaluate whether the treatment effect translated into long-term protection against ESKD. Moreover, combination therapy had twice as many SAEs as conservative therapy alone [12] . The event rate exceeded the rate reported in previous RCTs [7, 10, 13] , possibly because of incomplete recording of events in clinical studies before 1996, when the guidelines for SAE reporting were established [14] . Thus, whether benefits in terms of slower renal function loss justify the excess risk of SAEs associated with steroid and alkylating agent combination therapy remained unaddressed [12] .
Again, cyclosporine offered no benefit compared with conservative therapy and was associated with remarkably more SAEs. With this background, the recently published Kidney Disease Improving Global Outcomes (KDIGO) guidelines restricted the indication to treatment with alkylating agents to patients at high risk of progression because of persistent NS [15] . The rationale is that in these patients the risks of treatment would be counterbalanced by the reduced risk of kidney failure.
A recent, long-term, single center, cohort study showed that this approach allowed protection from unnecessary treatment exposure in 130 out of 254 patients (51%) with primary MN [16] . Over a 10-year observation period, the proportion of remissions was similar among patients given immunosuppressive therapy or conservative therapy alone, even though those on conservative therapy admittedly had a less severe disease to start with. However, the rate of SAEs was remarkably higher in immunosuppressed patients. Particularly, 14 of the 91 patients given cyclophosphamide (15%) were affected by a malignancy compared to only 4 of the 130 on conservative therapy (3%). This difference was significant, and in 8 patients the malignancy was fatal. Moreover, those on cyclophosphamide also had a large excess of hospitalizations, infections, bone marrow and liver toxicity, and even cardiovascular and thrombotic events ( table 1 ) . Thus, even when immunosuppression is restricted to subjects at increased risk of progression, short-and long-term SAEs remain an important issue.
At the individual patient level, the major challenge to the nephrologist is to carefully weigh the potential benefits of treatment, if any, versus the often devastating consequences of steroids and alkylating agents. When these medications are considered as a possible therapeutic option, a conservative attitude based on the use of antiproteinuric agents such as ACE inhibitors and ARBs and symptomatic therapy of NS [17] remains probably the safer approach in most cases.
Rituximab
Largely before anti-PLA 2 R autoantibodies were found to play a central role in the pathogenesis of approximately 70% of cases of primary MN [18] , data from studies in animals had already consistently shown that antibody production by autoreactive B cell clones initiate the events resulting in injury to the glomerular filtering barrier and consequent proteinuria [19] . These suggested that agents capable of selectively depleting B cells and therefore preventing the production of nephritogenic autoantibodies could ameliorate NS and even resolve the glomerular pathology of primary MN. Availability of a monoclonal antibody against the cell surface antigen CD20 of B cells [20] allowed the exploration of whether specific B cell inhibition helps improve the outcome of patients with MN and avoid the side effects of steroids and immunosuppressants. Thus, the anti-CD20 monoclonal antibody rituximab was tested in 8 patients with primary MN and longlasting persistent proteinuria [21] .
Treatment achieved a 60% reduction in urinary proteins with amelioration of NS in all cases and notably modest side effects with no SAEs [21] . Proteinuria reduction was sustained over 1 year and was associated with stable kidney function and a reduction in body weight, blood pressure, and serum cholesterol [22] . Since this initial experience, other groups have consistently reported the efficacy of rituximab in reducing proteinuria in patients with MN [23] [24] [25] . In 2012, a single-center cohort study found that B cell depletion achieved remission of NS in 65 out of 100 patients and more than 50% proteinuria reduction in an additional 20 patients [26] . The median duration of proteinuria before rituximab administration was over 2 years (5 years in those previously exposed to other immunosuppressive regimens) and all the patients were on ACE inhibitors or ARBs for at least 6 months, which makes the possibility of spontaneous remissions unlikely. Treatment effect was time dependent and all patients with at least 4 years of follow-up achieved complete or partial remission.
Recent data that anti-PLA 2 R antibody titer reduction preceded NS remission in 17 rituximab-treated patients with primary MN provided convincing evidence of a causal relationship between inhibited B cell antibody pro- duction and subsequent remission of proteinuria [27] . Actually, finding that reduction of proteinuria up to complete remission may follow B cell depletion by several months is consistent with data in active Heymann nephritis showing that proteinuria reduction after B cell depletion is a slow and progressive phenomenon that may be observed over extended periods of time after glomerular antibody deposition and in situ immune deposit formation have exhausted [28] .
Independent of involved mechanisms, comparative outcome analyses of patients with similar baseline characteristics but given different treatment regimens, such as rituximab monotherapy, steroid plus alkylating agents combination therapy, or conservative therapy alone, showed that rituximab-treated patients had a higher rate of remissions ( fig. 1 ) and were more effectively protected from renal function loss ( fig. 2 ) than those treated with steroid and alkylating agents. Those on conservative therapy had the lowest rates of remission and the fastest progression among the three groups, but on the other hand were protected from the side effects of dual immunosuppression. Moreover, a matched cohort study showed that rituximab may safely and persistently reduce proteinuria in patients naive to previous treatments as well as in patients who had previously failed steroids, alkylating agents, or calcineurin inhibitors, or who had relapsed after transient remission [29] . Among 100 patients with MN and NS [26] , similar remission rates were observed following rituximab first-line or rescue therapy, respectively. Consistently, Segarra et al. [30] showed that rituximab enabled successful withdrawal of tacrolimus or cyclosporine in 13 calcineurin inhibitor-dependent MN patients. Three patients relapsed (mean follow-up: 35 months), but were successfully retreated with a second course of rituximab.
Altogether, the above data converge to indicate that selective B cell depletion by rituximab is at least as effective as other unspecific immunosuppressive treatments in promoting disease remission in MN patients with severe and persistent NS, and can achieve remission even after other treatments have failed. Importantly, clinical benefits were associated with amelioration or even regression of the histologic lesions characteristic of MN, an effect never reported with other medications [31] . Amelioration of clinical signs and histological changes was paralleled by decreased glomerular IgG4 and C3 staining, reabsorption of electron-dense subepithelial deposits, and an increased number of slit diaphragms and percentages of those with electron-dense diaphragms. These findings combined with data that the increase in electrondense diaphragms correlated with the decrease in albu- Kaplan-Meier curves for the percentages of subjects with primary MN achieving complete remission, partial remission, or both in 100 patients treated with rituximab [26] , and in two cohorts of patients given combination treatment with methylprednisolone and cyclophosphamide, and in the corresponding cohort of controls given supportive therapy alone [7, 8] . Kaplan-Meier curves for the percentages of subjects with primary MN achieving >20% reduction of eGFR from study enrolment in 100 patients treated with rituximab [26] , in the prednisolone + chlorambucil, and in the support therapy cohort [16] .
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Safety
Rituximab treatment in autoimmune diseases is generally well tolerated. Five RCTs found that patients treated with rituximab [32] [33] [34] [35] [36] had an incidence of severe infections (10%) very similar to that observed in patients receiving placebo (12%). Amongst the millions of patients treated with rituximab so far, cases of progressive multifocal leukoencephalopathy (PML) have been described only in patients who received rituximab as a component of multidrug immunosuppressive regimens [37] . Thus, rituximab could be identified in any of these cases as the primary cause of PML. Actually, evidence that PML has a similar incidence also in patients immunosuppressed with rituximab-free regimens strongly suggests that rituximab has a marginal role (if any) in the pathogenesis of this complication as compared to other immunosuppressive medications. Consistently, PML has never been reported in rituximab-treated patients never exposed to other immunosuppressants.
Concomitant and previous exposure to other immunosuppressants most likely had a central role also in the case of a child with steroid-dependent idiopathic NS who developed fulminant enterovirus myocarditis requiring heart transplantation at 13 months after rituximab therapy [38] . Actually, finding that JCV and BK virus (BKV) replication in blood, serum, and urine samples was not affected by rituximab therapy in children with recurrent idiopathic NS [39] provides additional evidence that the facilitating effect of rituximab on complications related to viral reactivations (if any) should not exceed that of other unspecific immunosuppressants.
Consistently, a recent RCT in children with frequently relapsing NS [40] showed no significant increase in SAEs in the rituximab arm over placebo. In particular, the incidence of infections was comparable between the two groups and, as previously reported [41] , the reduction in maintenance steroid doses in rituximab-treated patients translated into improved growth and other major clinical benefits. The risk of infections and other complications can even be reduced when rituximab is used to taper down other immunosuppressants in autoimmune diseases, such as in steroid-dependent or frequently relapsing NS [41] .
In the specific context of primary MN, the only side effects that can be surely ascribed to rituximab include infusion-related events such as mild hypotension, cutaneous rash, and bronchial wheezing; these are nonserious in nature and patients can usually recover with just temporary interruption of the infusion or in exceptional cases with hydrocortisone [26] . Premedication with 10 mg of chlorphenamine and 500 mg of hydrocortisone may further minimize these events ( table 1 ) . SAEs following rituximab exposure are rare. In fact, the number of SAEs in 100 patients treated with rituximab was even lower than in the supportive therapy group from the UK trial (11 vs. 42% over 29 and 36 months of follow-up, respectively). Moreover, finding that events clustered in the subgroup of patients who failed to achieve remission strongly suggests that they were related to the underlying disease rather than to treatment. Consistently, infectious and cardiovascular events were even reduced in those achieving remission [26] .
As for previous trials of steroid and alkylating agents [7, 10, 13] , it cannot be definitely excluded that the risk of late adverse events is underestimated because SAEs such as acute myeloid leukemia, bladder and skin cancer, and other neoplasias may occur as late as 10-20 years after treatment exposure and therefore are not captured during the observation period [4] . However, data in patients with autoimmune diseases or lymphoproliferative disorders exposed to extremely higher doses than the ones used to treat MN, or receiving long-life rituximab therapy for chronic lymphomas, consistently show that rituximab is remarkably safe, particularly compared with other immunosuppressants, over ≥ 10 years [42] [43] [44] .
Consistently, 3 cases of cancer observed over a median follow-up of 29 months in 100 consecutive MN patients treated with rituximab [26] reflect the age-adjusted incidence of neoplastic disease in the general population [45] . Of note, the patient who eventually died of lung cancer had been previously exposed to steroids and cyclophosphamide.
This data contrasts with evidence that combined steroid-cyclophosphamide therapy in MN results in a threefold increase in cancer risk over the general population [46] . For the average patient, this finding translates into an increase in annual risk from approximately 0.3 to 1.0%. More generally, comparative analyses between patients treated with rituximab [26] and steroids plus cyclophosphamide [16] have shown a dramatic excess of any considered SAE with dual immunosuppression as compared to rituximab monotherapy, which has actually shown a safety profile similar to that of conservative therapy ( table 1 ) . Therefore, within the limitations of comparisons across different studies, rituximab appears to be at least as effective as other unspecific treatments, but is significantly safer. Severe complications such as PML, Pneumocystis pneumonia, and even pulmonary fibrosis, which have been superficially ascribed to rituximab [47] , have been invariably observed in immunodepressed patients with bone marrow transplantation [48] , lymphoproliferative disorders [49] , or autoimmune disease who had been exposed to many other immunosuppressants [50] . To the best of our knowledge, none of the events above has ever been reported in subjects exposed to rituximab monotherapy, including MN patients. Actually, observational evidence is available that, by allowing withdrawal of steroid and other immunosuppressants, rituximab may even favor remission of some of the above complications, including PML [Gentile, unpubl. data].
Additionally, an important, but frequently neglected benefit of rituximab therapy is its major impact on patient quality of life [61] . Indeed, due to its excellent safety profile, rituximab per se does not affect to any appreciable extent patient well-being, and at the same time allows the patient to fully benefit from symptom improvements associated with proteinuria reduction and progressive tapering and withdrawal of previous immunosuppressive medications. This contrasts with the experience of patients treated with steroids, alkylating agents, or calcineurin inhibitors who, even when proteinuria remission is achieved, continue to be afflicted by the often invalidating toxicities of these medications [61] .
Optimal Dosing
Dosing of therapeutic monoclonal antibodies is often based on body size, with the perception that body sizebased dosing would reduce intersubject variability in drug exposure [51] . Rituximab has been approved for the treatment of non-Hodgkin's lymphoma, chronic lymphocytic leukemia, rheumatoid arthritis, granulomatosis with polyangiitis, and microscopic polyangiitis with dosing regimens varying from 1 g 15 days apart to multiple cycles of four 375-mg/m 2 weekly doses [52] . However, as in the case of most monoclonals, rituximab is target specific (B cells) and has a relatively large therapeutic window and a small contribution of body size to pharmacokinetic variability. Therefore, the dosing paradigm for rituximab should be assessed in the context of these unique characteristics.
Treatment protocols for MN patients vary widely amongst different centers. Some authors used four 375-mg/m 2 weekly doses, others preferred an eight-dose 'prolonged protocol' or an 'extended protocol' in which the standard four weekly infusions were followed by two or three monthly infusions [52] . Interestingly, serial measurements of circulating B cells showed that in patients with MN or lupus, CD20 cells were fully depleted from the circulation just after the first drug administration [53, 54] . This led to question whether further rituximab doses confer additional benefit or, rather, may just increase the risk of adverse reactions or sensitization.
To address this issue, a prospective, matched-cohort study compared the safety/efficacy profile of a B cell-driven rituximab treatment with the standard four 375-mg/ m 2 dose protocol in 36 MN patients with long-lasting nephrotic range proteinuria refractory to conventional therapy [55] . Patients allocated to the B cell-driven protocol received a second infusion only if they had more than five B cells/mm 3 of peripheral blood after the first rituximab administration, which occurred in only 1 of the 12 patients in this group [55] . Prompt and persistent B cell depletion was achieved in all patients. Time-dependent changes in proteinuria and the other components of NS were similar in the two groups ( fig. 3 ) . However, the B cell-driven approach was associated with fewer adverse events and less hospitalizations, and was fourfold less expensive, allowing for savings of more than EUR 10,000 (approx. USD 13,000) per patient [55] . Thus, B cell titrated dosing, in addition to improving the risk/benefit profile of the drug, may facilitate access to rituximab even in resource-limited settings. Indeed, the cost of rituximab is generally regarded as a limitation of this treatment. Independent of treatment benefits that in any cost-effectiveness analyses are prioritized to pure treatment costs, one 375-mg/m 2 dose of rituximab in an average 70-kg patient costs EUR 3,100 (USD 4,130). A 6-month alternate treatment with intravenous plus oral steroids and oral cyclophosphamide at currently recommended doses costs approximately EUR 450 (USD 600). Six-month treatment with cyclosporine A or mycophenolate mofetil would be much more expensive. Considering that 1-day hospitalization in a nonintensive care unit costs EUR 300-500 (USD 400-666), just one admission because of a treatment-related adverse event would largely offset the costs saved with steroids plus alkylating agents versus rituximab therapy.
Conclusions
Available data allows to definitely conclude that rituximab is remarkably safer and better tolerated than steroids and alkylating agents for the treatment of primary MN ( table 1 ) . Despite the lack of direct head-to-head comparisons in the context of RCTs, several reports from different groups have consistently shown that rituximab achieves remission in approximately 70% of patients with primary MN, an effect that is similar to that reported for combination therapy with steroid and alkylating agents [23] . Calcineurin inhibitors are not an issue because they are both unsafe and ineffective [11] . Thus, stringent safety considerations can be advocated to recommend the use of rituximab as the first-line therapy for patients at risk of progression because of persistent NS despite conservative therapy with ACE inhibitors and ARBs. Should rituximab therapy fail, the nephrologist would be faced with the dilemma of exposing his patient to toxic medications or observe him to relentlessly progress while on conservative therapy. However, recent availability for clinical use of second-and third-generation anti-CD20 monoclonal antibodies such as obinutuzumab and ofatumumab, which have proven effective for the treatment of B cell lymphomas [56] , might open the perspective of a third therapeutic option . A provocative report showed that ofatumumab reduced proteinuria in 5 children with NS resistant to rituximab therapy [57] . Ofatumumab is a fully human monoclonal antibody targeting a unique epitope on CD20 that leads to increased binding affinity to CD20 and a prolonged dissociation rate [58] . The more effective clearance of B cells expressing low CD20 levels obtained with this antibody may allow depletion of residual autoreactive B cells resistant to rituximab therapy. Due to its excellent safety profile [59] , ofatumumab could be taken into consideration instead of blunt and toxic instruments, like nonspecific immunosuppressive agents, which will eventually become a treatment of the past [60] .
Thus, pending results from ongoing RCTs comparing rituximab versus placebo (NCT01508468) and immunosuppressive agents (NCT01180036), we suggest to treat the case presented in this initial vignette with a single 375-mg/m 2 dose of rituximab, to be repeated only in case the number of circulating B cells at 1 week after rituximab administration is higher than 5/mm 3 . In addition to proteinuria, anti-PLA 2 R antibodies should be measured before treatment, and at regular intervals thereafter to monitor disease activity and to drive repeated treatments in case of antibody increase after initial reduction [Ruggenenti et al., unpubl . data]. In case of treatment failure, exposure to other toxic treatments should probably be avoided. Should the patient be a potential candidate for kidney transplantation, this waiting attitude would be instrumental to avoid the risk of add-on, adverse interactions between overzealous immunosuppression and subsequent antirejection treatment.
